Objective: Patients with interstitial lung disease (ILD) are at increased risk of developing lung cancer. We aimed to investigate the clinical significance of serum immune factors in this progression. Methods: We retrospectively screened a hospital database from January 2012 to December 2016 for patients with lung cancer and ILD. We measured serum levels of C3, C4, IgA, IgG, IgM, C-reactive protein (CRP), ceruloplasmin (CER), and rheumatoid factor in these patients and in healthy controls. Results: We analyzed data for 262 patients with lung cancer, 220 with ILD, and 57 healthy controls. CER levels were significantly higher in patients with lung cancer (0.35 AE 0.10 g/L) compared with both ILD patients (0.31 AE 0.25 g/L) and healthy individuals (0.25 AE 0.04 g/L). C3 and C4 levels were both significantly higher in healthy individuals compared with patients with lung cancer (C3: 1.70 AE 0.29 vs 1.04 AE 0.26 g/L, C4: 0.27 AE 0.24 vs 0.24 AE 0.09 g/L) and ILD (C3: 1.70 AE 0.29 vs 0.97 AE 0.25 g/L, C4: 0.27 AE 0.24 vs 0.21 AE 0.09 g/L). Optimal scaling analysis demonstrated that lung cancer was closely associated with CRP, CER, C3, and C4. Conclusions: Increased levels of CRP and CER and decreased levels of C3 and C4 may identify patients with ILD at high risk of developing lung cancer.
Introduction
Lung cancer is the leading cause of cancerrelated death and accounted for an estimated 1.59 million cases worldwide in 2012. 1, 2 Mortality rates due to lung cancer are still increasing in China, with a large proportion of patients diagnosed at an advanced stage, resulting in delayed treatment.
1,3 Similar pathological mechanisms have been shown to underlie the occurrence of lung cancer and interstitial lung diseases (ILDs), including the inflammatory response, abnormal coagulation, dysregulated apoptosis, and the accumulation of myofibroblasts and extracellular matrix. 4, 5 In addition, patients with ILD have an increased risk and incidence of progression to lung cancer. One study found that >30% of patients with ILD developed lung cancer, 6, 7 while a multicenter study showed that patients with ILD had a 7-14-fold risk of developing lung cancer compared with the general population. 8 Furthermore, the mortality of patients with lung cancer developed from ILD is higher than that of patients diagnosed with lung cancer alone, with shorter survival and poorer quality of life. 9 This can adversely affect the diagnosis and treatment of the diseases and result in long-term economic burdens to the patient's family in low-income countries. It is therefore necessary to understand the difference and association between ILD and lung cancer. However, clinical information regarding the comparison between ILD and lung cancer is currently limited, including in relation to levels of serum immune factors in patients with these respective diseases.
A retrospective study found that rheumatoid factor (RF) positivity was closely correlated with ILD, 10 and complement has been reported to play a role in the diagnosis or prognosis of lung cancer; 11, 12 however, current studies of complement in patients with ILD are lacking.
This study therefore examined levels of serum immune factors in patients with ILD and patients with lung cancer, as well as in healthy individuals, and compared the results among these three populations. The results will provide support for the diagnosis and treatment for ILD and for evaluating the risk of progression to lung cancer.
Methods

Ethical statement
This study was approved by the Institutional Review Board of the First Affiliated Hospital (GYFYY-2008-02-23) of Guangzhou Medical University. The use of human serum samples was carried out in accordance with Chinese legislation and with written informed consent from the donors, their legal guardians, or next of kin, where applicable, for use of the serum samples for future unspecified research purposes.
Study subjects
This study was a retrospective analysis of the database generated by the Clinical Laboratory of the First Affiliated Hospital of Guangzhou Medical University, from January 2012 to December 2016. We screened the database for patients clinically diagnosed with lung cancer or ILD (including connective tissue diseaseassociated ILD, idiopathic interstitial pneumonia, and sarcoidosis) who had also undergone detection of complement component 3 (C3), complement component 4 (C4), immunoglobulin A (IgA), immunoglobulin G (IgG), immunoglobulin M (IgM), ceruloplasmin (CER), C-reactive protein (CRP), and rheumatoid factor (RF). Healthy age-and sex-matched volunteers were recruited from the First Affiliated Hospital of Guangzhou Medical University.
Diagnosis of lung cancer and ILD
A diagnosis of lung cancer was made based on clinical records, including information on clinical symptoms established by respiratory clinicians, and the results of physical examinations such as chest X-ray and computed tomography scanning. 13 Patients who met at least three of the following criteria were clinically diagnosed with ILD:
14,15 1) polypnea after physical activity or at rest; 2) cough or Velcro rales; 3) interstitial pulmonary lesions consistent with imaging results (chest X-ray or high-resolution computed tomography), such as honeycombing, ground-glass opacity, lobular interval thickening of peripheral lung; 4) restrictive ventilatory disorder and/or pulmonary exchange dysfunction according to pulmonary function tests (% forced vital capacity, % forced expiratory volume in 1 second, % total lung capacity, % inspiratory capacity, % diffusing capacity of the lungs for carbon monoxide); and 5) pulmonary pathology meeting the 2002 European Society Diagnostic Criteria.
Blood sample testing
Concentrations of serum immune factors including C3, C4, IgA, IgG, IgM, and CER were measured by immunoturbidimetry using an IMMAGE 800 (Beckman Coulter, Brea, CA, USA). CRP and RF concentrations were measured by immunonephelometry using an AU5800 Clinical Chemistry Analyzer (Beckman Coulter). On the basis of the clinical laboratory system used by the First Affiliated Hospital of Guangzhou Medical University, concentrations of CER !0.42 g/L, CRP !0.6 mg/L, and RF !20 IU/mL were considered to be abnormally high.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY, USA). Numerical data were expressed as percentages, and parametric quantitative data for age and serum C3, C4, CER, CRP, RF, IgA, IgG, and IgM were presented as mean AE standard deviation. Differences among the three groups were analyzed using the non-parametric Kruskal-Wallis test. Optimal scaling was carried out by categorical principal component analysis. Briefly, optimal scaling quantifies categorical data by assigning numerical values to the categories, resulting in an optimal linear regression equation for the transformed variables. When the calculated data are plotted on a two-dimensional graph, the distance between two points represents the strength of the correlation between the two factors (i.e., a shorter distance between two points indicates a higher correlation). A value of P < 0.05 was considered to be statistically significant.
Results
Patients
A total of 539 subjects (271 men, 268 women, age 25-72 years) were included in this study, comprising 262 patients with lung cancer, 220 with ILD, and 57 healthy controls. Detailed patient information is presented in Table 1 . 16 .03%), while more patients with ILD had elevated levels of both CRP and RF (n ¼ 56, 17.27%), however, these differences were not significant (Figure 1 ).
Comparisons of immune factor among patients with lung cancer or ILD and healthy individuals
Levels of immune factors are presented in Table 2 . CRP and CER levels were (Figure 2a, 2b) . In contrast, RF levels were significantly higher in patients with ILD compared with lung cancer patients and healthy individuals (Kruskal-Wallis ¼ 39.08, P < 0.001) (Figure 2c) . Furthermore, C3 levels were significantly higher in healthy individuals compared with ILD and lung cancer patients (Kruskal-Wallis ¼ 137.0, P < 0.001) (Figure 2d) , and a similar trend was observed for levels of C4 (KruskalWallis ¼ 74.59, P < 0.001), but there was no significant difference between ILD patients and healthy individuals for C4 (Figure 2e ). Additionally, both lung cancer and ILD patients had significantly higher IgG concentrations than healthy individuals (Kruskal-Wallis ¼ 99.33, P < 0.001) (Figure 2f ), but there were no differences among the three groups in levels of IgA or IgM (Figure 2g, 2h) .
Optimal scaling of immune factors in lung cancer and ILD
Optimal scaling demonstrated that the immune factors RF and IgM were closely associated with the occurrence of ILD, while CRP, CER, C3, and C4 were closely associated with the occurrence of lung cancer (Cronbach's alpha ¼ 84.7%) (Figure 3 ). Simultaneous abnormalities in serum levels of CRP, CER, C3, and C4 may thus be associated with the risk of developing lung cancer.
Discussion
ILD, first reported in 1975, comprises several disorders with varying clinical presentations. The incidence of ILD continues to increase year on year. ILD is associated not only with a high risk of progression to lung cancer, but is also a significant predictor of a poor prognosis of lung cancer. 16, 17 Immune factors can reflect the association between lung cancer and ILD. 8 We therefore detected levels of the immune factors C3, C4, IgA, IgG, IgM, CER, CRP, and RF in patients with lung cancer or ILD and in healthy controls, and found that lung cancer and ILD patients were most likely to have elevated levels of CRP, as an important indicator of the inflammatory response (61.1% and 45.5% of patients, respectively). Following an inflammatory response, repeated cell injury and repair can increase the risk of abnormal proliferation of epithelial cells in the airway in ILD, ultimately resulting in their transformation into invasive and metastatic cancer cells. 18 IgG is also an inflammatory indicator, and our results showed that IgG levels were significantly elevated in both lung cancer and ILD patients compared with healthy individuals. Jiang et al. 19 reported that lung cancer-produced IgG is likely to play an important role in cancer growth and metastasis. However, the role of IgG in ILD is still not clear. The increased levels of IgG in ILD patients detected in the current study indicated that IgG may contribute to the progression of ILD to lung cancer, and suggest that CRP and IgG levels should be monitored in patients with ILD.
Levels of complement components were lower in patients with lung cancer or ILD compared with healthy individuals in the present study. C3 and C4 are important components of the complement activation process, and the similar defects in these complement components in both lung cancer and ILD patients may reflect the mechanisms underlying the progress of the diseases. A previous study demonstrated that levels of C3 declined during disease progression in patients with non-small cell lung cancer, suggesting that C3 may have anti-tumor and anti-cancer activities. 20, 21 Monitoring complement components in patients with ILD may help to assess the risk of disease progression to lung cancer.
Other physiological indicators differ between patients with lung cancer and patients with ILD. For example, plasma CER levels were 4.6-times higher in patients with lung cancer compared with patients with other lung diseases. 22 Ninety-five percent of the plasma copper is present in CER. 23 As the main oxidase, it is involved in a series of oxidation reactions, including iron and amine metabolism, which mainly occur in the blood. 24, 25 Activity of the CER oxidase and serum copper concentrations were significantly higher in patients with various types of cancer compared with normal individuals. 25 We accordingly found that CER levels were significantly higher in patients with lung cancer compared with ILD patients (P < 0.001). Copper overload in lung cancer patients leads to increased production of CER to participate in a series of oxidation reactions, which can generate abundant reactive oxygen species that can in turn induce cell apoptosis via activation of the calpain and caspase-3 pathway, ultimately leading to tissue damage. 26 Damage induced by copper overload is an underlying pathology in many diseases, including cancer and cirrhosis. Oxidative stress has been shown to be significantly increased in patients with advanced lung cancer, while levels of antioxidant molecules were decreased. 27 In addition, copper is a basic component in cancer metastasis, and many studies of tumor latency have shown that copper consumption can reduce the proliferation, growth, metastasis, and blood supply to cancer cells. 28 Relevant animal studies demonstrated that CER protein and mRNA Shorter distance between dots indicates a stronger correlation between the disease and the corresponding factor (Cronbach's alpha ¼ 84.7%). LC: lung cancer (n ¼ 262), ILD: interstitial lung disease (n ¼ 220), CER: ceruloplasmin, CRP: C-reactive protein, RF: rheumatoid factor levels were increased in GPrc5a (an antioncogene) knockout compared with normal mice, and CER expression was also increased in lung neoplasms. 29 The level of CER may thus reflect the growth status and metastasis of lung cancer, suggesting that monitoring CER levels may aid the diagnosis and clinical observation of lung cancer patients.
The current results also revealed that RF levels were significantly higher in ILD compared with lung cancer patients, which was in turn significantly higher than in healthy individuals (P < 0.05). RF is an IgM autoantibody with a high detection rate in patients with rheumatoid arthritis. 5 A UK cohort study showed that, among 1460 patients with rheumatoid arthritis, 25% had ILD and a further 25% developed ILD within 3 years following the diagnosis of rheumatoid arthritis. 14 We therefore hypothesized that rheumatoid arthritis-ILD-lung cancer may represent a novel disease process.
Finally, optimal scaling showed that ILD was closely associated with RF and IgM while lung cancer was closely associated with CRP, CER, C3, and C4. This was similar to the findings of Aref and Refaat, who indicated that the increases in CRP and CER and decreases in C3 and C4 in lung cancer patients were possibly due to the continuous inflammatory response, decreased complement component function, and increased blood plasma copper in these patients. 30 Elevated CRP reflects the inflammatory response, while decreased levels of C3 and C4 reflect defects in complement component functions. 18, 20 Given that IgM plays a vital role in autoimmune diseases, we speculate that the development of ILD may be closely related to autoimmune diseases.
The major limitation of this study was the lack of follow-up data for the patients, which therefore prevented us from investigating dynamic changes in the immune factors during the transition from ILD to lung cancer. Furthermore, we had no data on exposure to other risk factors for lung cancer (e.g., smoking, toxins, family history) and were therefore unable to account for these factors in this study. Further studies involving long-term observations of immune factors together with detailed information on exposure to lung cancer risk factors are therefore required.
Conclusions
Patients with lung cancer or ILD have lower levels of C3 and C4 and higher levels of CRP compared with healthy individuals. In addition, ILD was associated with elevated levels of RF while lung cancer was associated with increased CER compared with healthy individuals. Clinical monitoring of CER may thus support the diagnosis and monitoring of patients with lung cancer. CRP, CER, C3, and C4 were also closely associated with the development of lung cancer, suggesting that patients with ILD with simultaneously elevated levels of CRP and CER and decreased levels of C3 and C4 should be considered to be at potentially increased risk of progression to lung cancer.
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